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(54) Liquid ejection printing apparatus and liquid supply method to be employed In the same 

(57) A liquid ejection printing apparatus performing 
printing by ejecting a liquid toward a printing medium 
includes a liquid ejection head portion having a liquid 
ejecting printing head ejecting a liquid and a first tank 
(2) holding the liquid to be supplied to the head, a sec- 
ond tank (4) holding a liquid to be supplied to the first 
tank (2) and having an atmosphere communicating 
opening for introducing an atmospheric air, a third tank 
(5) receiving the liquid from the first tank (2) and capa- 
ble of supplying the liquid to the second tank (4), a first 
liquid supply passage (6) for communicating the first 
tank (2) and the second tank (4), a second liquid supply 
passage (8) for communicating the second tank (4) and 
the third tank (5), a third liquid supply passage (7) for 
communicating the third tank (5) to the first lank (2)» the 
first tank (2) and the third tank (5) forming an enclosed 
space excluding a supply passage connected respec- 
tively, a pump (50) capable of sucking a gas within the 
third tank (5) provided in a passage other than the first, 
second and third supply passages (6, 8. 7) and a first 
valve (9) provided in the second supply passage (8) for 
opening and dosing the second liquid supply passage 
(8), and a second valve (10) provided in the third tank 
(5) for communicating the gas within the third tank (5) to 
outside. 
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Description 

[0001 ] The present invention relates generally to a liq- 
uid ejection printing apparatus and a liquid supply 
method to be employed in the same. More particularly, s 
the invention relates to a liquid ejection printing appara- 
tus in a technical field of an ink-jet printing, in which a 
large amount of ink is used and a circulation path of the 
ink is provided, and a liquid supply method employed in 
the liquid ejection printing apparatus. 
[0002] Conventionally, an ink-jet printing apparatus 
performing printing on a medium to be printed, such as 
a paper by ejecting an ink droplet from a printing head, 
has been spread as a printer connected with personal 
computer, a facsimile machine, a copy machine. 
[0003] The ink-jet printing apparatus is advantageous 
for capability of high speed and low noise printing of 
high quality image, and for easiness of color printing. In 
the~fecent yearsrthe'ink^jel"p^rirrting""apparatijs^^ 
used for apparatus having large printing volume, such 
as printing on a large size paper, such as poster output, 
textile printing performing printing on a cloth, and so on. 
[0004] On the other hand, study has been made for 
application of the ink-jet printing to a multi-tone image 
printing for medical use, such as X-ray film, CT-scan 
image and so on. In such medical image printing appa- 
ratus, it becomes possible to express much greater vari- 
ety of tones than number of kinds of ink by combining a 
plurality of kinds of inks having different densities and 
performing printing for two or three times. 
[0005] Here, since ink-jet printing apparatus performs 
printing by ejecting inks, it becomes necessary to con- 
stantly supply ink consumed by ejection. 
[0006] As an ink supply system for the printing head, 
in case of the known apparatus for respective applica- 3S 
Won consuming large amount of ink. a large volume tank 
is integrally mounted on a main body in the apparatus 
and an ink passage from ttie tank to the head cartridge 
is formed wttii a pipe, such as a tube. 
[0007] As a flexible tube to be employed in tile ink pas- 4o 
sage, a tube formed of rubber or resin has certain gas 
permeability. Therefore, air in the atmosphere may pen- 
etrate into the tube through a tube wall in bit by bit to 
cause bubble therein. When tiie bubble flows into the 
printing head, normal ejection of the ink droplet 45 
becomes impossible to cause printing failure in the 
worst case. 

[0008] Therefore, there has been proposed an ink cir- 
culation passage as shown in Fig. 1 which prevents the 
bubble from entering into the printing head even when so 
the bubble is generated. 

[0009] In Fig. 1 , the reference numeral 501 denotes a 
printing head, 502 denotes an air buffer chamber, 503 
denotes an ink tank. The air buffer chamber 502 and the 
ink tank 503 are connected through two ink passages ss 
504 and 505 to form a circulation passage. In a flow 
path of the ink passage 505, a pump 506 is provided to 
transfer the ink witiiin the air buffer chamber 502 to the 



ink tank 503. On tfie otiier hand, the air buffer chamber 
502 is enclosed structure with respect to atmosphere 
except for the two ink passages. To the ink tank 503, an 
atmosphere communication opening 507 is provkied. 
[001 0] In the foregoing ink circulation passage, when 
the pump is driven, the ink and air within the air txjffer 
chamber 502 is transferred into the ink tank 503 tiirough 
tiie ink passage 505. In conjunction therewitii, the ink in 
tfie Ink tank 503 is fed to tiie air buffer chamber 502 
tiirough tine ink passage 504. By performing ink circula- 
tion between the air buffer chamber 502 and the ink tank 
503, bubble generated in the ink passage can be dis- 
charge into the ink tank 503 to successfully prevent tiie 
bubble from penetrating into the head. 
[001 1 ] However, in the foregoing construction, tiie fol- 
lowing technical problems have been encountered in 
view point for peribrming further printing of higher tone 
and higher image quality image at higher speed. 
I00T2]~"Narnely,"when~the puifip 506 is provided within 
the ink circulation passage, the ink passes through the 
inside of the pump to cause difficulty of certainly remov- 
ing dust generated witiiin tiie pump (for example, in 
case of a tube pump, worn chip of the inside of the tube 
caused due to repeated drawing of the same position of 
the tube or fat and oil component contained in the mate- 
rial of the tube). Such dust can cause plugging If depos- 
ited on tiie nozzle in the printing to be solkjified therein. 
Particulariy, when the diameter of the ejection openings 
or nozzles are made smaller in order to realize high 
image quality, certain removal of the dust is required. 
[001 3] In commonly owned Japanese Patent Applica- 
tion Laid-open No. 6521/1998, there has been pro- 
posed a liquid supply method and a light supply 
apparatus for easily and certainly perform supply of tiie 
liquid into the liquid supply path with solving the problem 
in removing dust in the ink supply passage in one direc- 
tion, by providing a mechanism for feeding the ink inde- 
pendent of the ink supply passage. 
[0014] Therefore, it is an object of the present inven- 
tion to provide a lk|uid ejection printing apparatus hav- 
ing a circulation passage for preventing bubble from 
penetrating into a printing head and a liquid supply 
metiiod in the apparatus, in which admixing of impurity 
in the ink within the ink circulation passage can be pre- 
vented by providing a mechanism for feeding an ink 
independentiy of the ink circulation passage. 
[0015] Another object of the present invention is to 
enable switching between ink circulation in the ink circu- 
lation passage and supply of ink to an ink tanK with sim- 
ple mechanism. 

[0016] A further object of tiie present invention is to 
provide a liquid supply method which can realize high 
speed printing by enabling printing operation during 
supplying of inK in addition to the foregoing object or 

alone. 

[001 7] According to one aspect of the invention, there 
Is provided a liquid ejection printing apparatus perform- 
ing printing by ejecting a liquid toward a printing medium 
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comprising a liquid ejection head portion having a liquid 
ejecting printing head ejecting a liquid and a first tank 
holding the liquid to be supplied to the head, a second 
tank holding a liquid to be supplied to the first tank and 
having an atmosphere communicating opening for intro- 5 
ducing an atmospheric air, a third tank receiving the liq- 
uid from the first tank and capable of supplying the liquid 
to the second tank, a first liquid supply passage for com- 
municating the first tank and the second tank, a second 
liquid supply passage for communicating the second w 
tank and the third tank, a third liquid supply passage for 
communicating the third tank to the first tank, the first 
tank and the third tank forming an enclosed space 
excluding a supply passage connected respectively, a 
pump capable of sucking a gas within the third tank pro- 15 
vided in a passage other than the first, second and third 
supply passages and a first valve provided in the sec- 
ond supply passage for opening and closing the second 
liquid supply passage, and a second valve provided in 
the third tank for communicating the gas within the third 20 
tank to outside. 

[0018] According to another aspect of the Invention, 
there Is provided a liquid supply method for supplying a 
liquid to the foregoing liquid ejection printing apparatus 
comprising a first liquid supply step of closing the first 2S 
and second valves and sucking a gas of the third tank 
by the pump for introducing a liquid within the first tank 
to the third tank, and a second liquid supply step off 
opening the first and second valves for Introducing the 
liquid within the third tank to the second tank. 30 
[0019] With the liquid ejection printing apparatus and 
the liquid supply method according to the present Inven- 
tion, the liquid stored in the third tank can be circulated 
through the second tank, the first tank and the third tank 
through a circulation passage Including the second liq- 35 
uid supply passage, the first liquid supply passage and 
the third supply passage. Upon circulation of the liquid, 
the gas within the third tank is sucked by the pump. By 
providing the pump within the passage different from 
the circulation passage, impurity will never be admixed 40 
to the ink within the ink circulation passage. 
[0020] According to another aspect of the invention, 
there Is provkled tiie foregoing Ikiiuid ejection printing 
apparatus further comprising a fourth tank supplying a 
liquid to the third tank and a fourth liquid supply pas- 4S 
sage communicating the third tank and the fourth tanK 
and the pump is provided In the passage other than the 
fourth liquid supply passage. 

[0021] With the construction iset forth above, upon 
performing circulation of the liquid, the liquid is filled so 
from the fourth tank to the third tanK a common pump 
can be used with simple mechanism with only switching 
of the valve. 

[0022] According to another aspect of the invention, 
there is provided a liquid supply method for supplying a ss 
liquid to a liquid ejection printing apparatus as one pref- 
erable embodiment of the present invention, the appa- 
ratus having a fourth tanK a third tank for blocking 



movement of tiie liquid arranged at any one of a first liq- 
uid passage and a third liquid passage, a first liquid sup- 
ply step of closing tiie first and second valves and 
sucking a gas within the third tank for Introducing the liq- 
uid within the first tank into the third tank, a second liq- 
uid supply step of opening the first and second valves 
and introducing the liquid within tiie third tank into the 
second tanK and a third liquid supply step of closing the 
first, second and third valves, sucking a gas within the 
tiiird tank by tiie pump and introducing the liquid witiiin 
tiie fourth tank into the third tanK wherein the third liquid 
supply step is performed during printing operation to the 
printing medium. 

[0023] Witii the liquid supply method set forth above, 
since liquid supply from the fourth tank to tiie third tank 
is completed during printing operation, throughput of 
printing can be improved to realize high speed printing. 
[0024] The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of embod- 
iments thereof taken In conjunction with tiie accompa- 
nying drawings. 

Rg. 1 is an explanatory illustration showing one 
example of the conventional liquid ejection printing 
apparatus; 

Fig. 2 is a perspective view showing an external 
appearance of a color textile printing system as one 
emtxxjiment of a liquid ejection printing apparatus 
according to the present invention; 
Rg. 3 is an explanatory illustration for explaining a 
construction of an ink supply portion in the first 
embodiment of the liquid ejection printing appara- 
tus according to the present Invention; 
Rgs. 4A to 4D are flowcharts for explaining 
sequences relating to liquid supply In the first 
embodiment of the liquid ejection printing appara- 
tus according to the present invention; 
Rg. 5 Is an explanatory illustration for explaining a 
construction of the Ink supply portion of the second 
embodiment of the liquid ejection printing appara- 
tus according to the present invention; 
Rgs. 6A to 6D are flowcharts for explaining 
sequences relating to Ik^uid supply in the second 
emkKxJiment of the liquid ejection printing appara- 
tus according to the present invention; 
Rg. 7 is a flowchart for explaining a sequence relat- 
ing to a Iquid supply of the second embodiment of 
the liquid ejection printing apparatus according to 
the present invention; 

Rg. 8 is an explanatory illustration showing the 
major part of a modification of the second embodi- 
ment of the liquid ejection printing apparatus 
according to the present invention; 
Rgs. 9A and SB are explanatory illustrations of the 
third embodiment of the ink-jet printing apparatus 
according to the present invention, in which Fig. 9A 
is a top plan view of the ink-jet printing apparatus 
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and Fig. 9B is a front elevation of the ink-jet printing 
apparatus as viewed in a direction of arrow A in Fig. 
9A; 

Figs. 10A and 10B are explanatory illustrations of 
the third embodiment of tiie ink-jet printing appara- 
tus of the present invention, in which Fig. 1 0A is a 
section taken along line B - B' of Rg. 9B, and Fig. 
1 0B is a section of the major portion of tiie ink-jet 
printing apparatus shown in Figs. 9A and 9B; 
Fig. 11 is an illustration showing an ink passage of 
the third emtxxJiment of the ink-jet printing appara- 
tus according to the present invention; 
Fig. 1 2 is an enlarged illustration around a sub-tank 
of tiie ink passage shown in Fig. 1 1 ; 
Figs. 13A to 13D are flowcharts for explaining 
sequences relating to liquid supply in the third 
embodiment of the liquid ejection printing appara- 
tus according to the present Invention; 
Fig. 14 is an explanatory illustration of the fourth 
embodiment of the ink-jet printing apparatus 
according to the present invention; 
Fig. 15 is an explanatory illustration showing a 
major portion of a modification of the first embodi- 
ment of the present invention; and 
Fig. 16 is an explanatory illustration showing a 
major portion of a modification of the tiiird emtxxJi- 
ment of the present invention. 

[0025] Preferred embodiments of a liquid ejection 
printing apparatus according to the present invention 
will be explained hereinafter. 

(First Embodiment) 

[0026] Fig. 2 is a perspective view of a color textile 
printing system as one embodiment of a liquid ejection 
printing apparatus according to the present invention. 
[0027] An ink-jet printing apparatus main txxly 199 is 
generally constructed with an ink supply portion 100, a 
printer portion 200 and a doth transporting portion 250. 
[0028] A cloth 251 as a printing medium is set on a 
cloth supply roller 252 in a form of roll. The clotii 251 is 
transported by rollers 252 to 257 forming a transporting 
portion 250. 

[0029] On a printer frame 201 located above the cloth 
transporting portion 250, two guide rails 202 and 203 
are supported and fixed in mutually parallel relationship 
along a direction of arrow A. A carriage 204 is movably 
supported on two guide rails 202 and 203 for movement 
in the direction of arrow A. On tiie carriage, a plurality of 
printing heads (only printing heads 205a and 205b are 
illustrated as representative) are provkJed in opposition 
to tfie cloth 251. 

[0030] When the carriage 204 is moved by a driving 
motor (not shown) in the direction of arrow A, ink ejec- 
tion command is output to tiie printing heads 205a and 
205b. for example, as required for performing printing. 
After completion of motion of tiie can^iage 204, one line 



of printing corresponding to tiie ejected ink is performed 
at a predetermined position on the clotii 251 . After per- 
forming printing for one line on the dotti 251, the doth 
251 is transported for a predetermined amount in a 

5 direction of arrow B (auxiliary scanning direction) of Fig. 
2 by a doth feeding belt (not shown). Next, with per- 
forming ejection by the printing heads 205a and 205b as 
required, a second line is printed on the dotii 301 when 
ttie can-iage 204 is moved in the direction of arrow A. 

10 With repeating such sequence of operation, a desired 
sequential print is performed on the cloth 301. 
[0031 ] It should be noted tiiat an ink tube group 206 is 
connected to the printing heads 205a and 205b, for 
example so tiiat inks in amounts corresponding to con- 

15 sumed amounts are supplied to tiie printing heads 
205a. 205b and so on from the ink supply portion 100 
via the ink tube group 206, every time of repeating ejec- 
tion. 

[0032] Next, a construction of the ink supply portion 

20 100 of the liquid ejection printing apparatus set forth 
atxjve will be explained witii reference to Fig. 3. 
[0033] The ink supply portion 100 is generally con- 
structed with a first ink tank 2 storing an ink to be sup- 
plied to the printing head 205a (or 205b). a second ink 

25 tank 4 supplying tiie ink to the first ink tank 2 and a third 
ink tank 5 supplying tiie ink to the second ink tank 4 and 
storing the ink overflowed from the first ink tank 2. 
[0034] The first ink tank 2 is mounted on the carriage 
204 which is movable with respect to a main body in the 

30 apparatus forming the foregoing system, together with 
tiie foregoing printing head 205a (or 205b). On tiie otiier 
hand, the second ink tank 4 and the third ink tank 5 are 
fixed on the main txxjy forming the foregoing system. 
[0035] The first ink tank 2 and the second ink tank 4 

36 are connected tiirough a first ink passage 6. One end of 
the first ink passage 6 is connected to a lower portion of 
the first Ink tank 2, and the other end of the first ink pas- 
sage 6 is connected to the lower side portion of the sec- 
ond ink tank 4. On the lower side portion of the second 

40 ink tank 4, a liquid level sensor 24 serving as ink level 
detecting means for detecting an ink level (liquid level) 
in tiie second ink tank 4 is arranged at a position higher 
than the connecting position of the first ink passage 6. It 
should be noted that an atmosphere communication 

45 hole 26 is provided at the upper portion of the second 
ink tank 4. 

[0036] The bottom portion of the second ink tank 4 
and the bottom portion of the third ink tank 5 are con- 
nected by a second ink passage 8. At an intermediate 
so position of the second ink passage 8, a first valve 9 is 
provided. 

[0037] In an upper portion of the third ink tank 5 an 
atmosphere communication passage 1 1 is provided. At 
the intermediate position of the atmosphere communi- 
55 cation passage 1 1 , a second valve 10 for switching for 
establishing and blocking communication with tiie 
atmosphere, is mounted. On a side portion of the third 
ink tank 5. one end of a tiiird ink passage 7 for collecting 
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an ink overflowed from the first ink tank 2. is connected. 
At the intermediate position of the ink passage 7, a third 
valve 22 is mounted. On the other hand, in the upper 
portion of the third ink tank 3. one end of an air chamber 
suction passage 12 for sucking air of a air chamber por- 
tion therein is connected. The other end of the air cham- 
ber suction passage 12 is connected to a waste ink tank 
13. At an intermediate position of the air chamber suc- 
tion passage 12. a tube pump 50 is arranged. 
[0038] In Fig. 3. six rollers 51 of the tube pump 50 are 
arranged within a roller holder 52 in circumferential 
alignment. The roller holder 52 is supported rotatably 
about a rotation axis 53. The rollers 51 are also sup- 
ported for rotatably about roller shafts 54 which are 
fixed on the roller holder 52. A depression member 55 is 
biased toward the roller 51 by a compression spring 56 
for squeezing a tube 12 an^anged on a part of outer 
peripheral portion of the roller holder 52 and extend on 
the outer peripheral edge of the latter. The roller holder 
52 is driven by a not shown motor to rotate in a direction 
of allow D1 . Then, the rollers 51 perform ortDital motion 
about the rotation axis 53 of tiie roller holder 52. There- 
fore, the tube 12-is drawn by a plurality of rollers 51 and 
the depression member 55 to such the air in the air 
chamber portion of the third ink tank 3. as will be 
explained later. It shoukJ be noted that since the air 
chamber suction passage 12 is introduced into the 
waste ink tank 13 having the atmosphere communica- 
tion opening 19, even when the ink in the third ink tank 
5 is discharged through the air suction passage 12, the 
ink will never leak out of the apparatus. 
[0039] Here, in the shown embodiment, both of the 
atmosphere communication passage 11 and the air 
chamber suction passage are formed of flexible mate- 
rial. For example, a silicon tube is employed. The silicon 
tube does not require significant force for crushing or 
squeezing by the roller or the like and has reasonable 
restoring force not to cause plastic deformation even 
being crushed or squeezed for a long period, and not to 
cause alternation or denaturation of the ink. The first 
valve 9 and the second valve 10 are opened and closed 
by crushing the atmosphere communication passage 
1 1 by means of a not shown cam member. By opening 
and closing the second valve 10, communication of the 
air chamber portion of the third ink tank 5 can be estab- 
lished and blocked. 

[0040] On tiie other hand, the upper portion of the 
third ink tank 5 and an upper portion of a fourth tank, as 
a supply tank 1 6 for indirectly performing an auxiliary ink 
supply to the first ink tank 2 are connected by a fourth 
ink passage 14. To the intermediate position of the four 
ink passage 14. a check valve 21 as a fourth valve is 
mounted. To one end of the fourth ink passage 1 4. a first 
needle member 15 to be inserted into an ink supply 
opening 17 of the supply tank 16 is mounted. The first 
needle member 15 is a pipe form member formed with 
an aperture at its tip end. The atmosphere communica- 
tion opening 20 of the supply tank 16 is opened to the 



atmosphere by tiie atmosphere communication pas- 
sage 28. It should be noted that on one end of the 
atmosphere communication passage 28. a second nee- 
dle member 1 8 in a pipe form witii an aperture at the tip 
5 end is mounted. The second needle member 18 is 
inserted into the atmosphere communication opening 
20. 

[0041] On tiie other hand, in an inner wall portion of 
the third ink tank 5. a Ikiuid level sensor 23 as an ink 

10 level detecting means is mounted at a position higher 
than tiie liquid level sensor 24 of the second ink tank. 
The ink level sensor 23 is adapted to detect a maximum 
ink level in the third ink tank 5 and the ink level sensor 
24 is adapted to detect a minimum ink level in the sec- 

15 ond ink tank 4. 

[0042] In the construction set forth above, a pressure 
of the first ink tank 2 adjacent tiie printing head is deter- 
mined-by an ink level HI of the second ink tank 4. A 
height difference H between the level HO of the ejection 

20 opening of the printing head and the level HI of the sec- 
ond ink tank 4 is desired to be within a range of 20 to 
1 00 mm in viewpoint of stability of ejection. 
[0043] _Here,„operation of the shown embodiment of 
tiie liquid ejecting printing apparatus will be explained 

25 with reference to Figs. 4A to 4D. 

[Q044] When a power source is turned ON, by a 
sequence shown in Fig. 4A. a liquid supply step from 
the fourth tank to the third tank arxi a liquid supply step 
from the third tank to the second tank are performed. It 

30 should be noted that, in tiie following explanation, "sen- 
sor ON" represents a condition of "ink present". 
[0045] At first, after turning ON tiie power source, 
valves 9, 10 and 22 are closed (S2, S2 and S4). Then, 
driving of the tube pump 50 is initiated (85), suction is 

35 made for the air in the air chamber portion of the ink 
tank 5 to lower the pressure therein. Then, due to reduc- 
tion of the pressure in the air chamber portion of the ink 
tank 5. the ink in the supply tank 16 is filled in the ink 
tank 5 through the ink passage 14. When the ink level 

40 detecting means (sensor) 23 in the ink tank 5 detects 
the ink level (S6), the valve 10 is opened (87) to return 
the pressure in the air chamber portion to the atmos- 
pheric pressure. After opening the valve 10, the tube 
pump 50 is stopped. At 88, the tube pump 50 is not 

45 required to be stopped since tiie valve 10 is hekJ 
opened. However, in order to reduce power consump- 
tion, it is desirable to stop the tube pump 50. 
[0046] 8ubsequentiy. when the valve 9 is opened 
(89). tiie ink is transferred from the ink tank 5 to the ink 

50 tank 4 to levelize the ink. Here, levelization represents 
tiiat tiie ink surfaces of both of tiie ink tanks 4 and 5 con- 
nected to each other so as not to be transferred 
between the tanks. Whether the inks in the ink tanks 4 
and 5 are livelized completely is variable depending 

55 upon shape of the ink tanks 4 and 5, a diameter of the 
tube of the ink passage 8, a diameter of the tube of tiie 
valve 9. However, estimating the levelizing time, a signal 
of completing levelization t>ased on a waiting time from 
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a timing of opening of the vafve 9 is fed to a not shown 
supply system control portion (S10). 
[0047] Next, as shown in Fig. 4B, upon reception of 
the signal, the supply system control portion closes the 
valves 9 and 10 (S1 1 and S12) to drive the tube pump 
50 (S13) for sucking air from the air chamber portion of 
the ink tank 5 in the same operation as that upon filling 
the ink to the ink tank 5 as set forth above for lowering 
the pressure in order to such tiie ink in the supply tank 
16 to fill the ink in the ink tank 5. When tiie ink level sen- 
sor 23 detects the ink (SI 4). tiie valves 10 and 9 are 
opened in sequential order (SI 5 and S16) to stop the 
tube pump 50 (Si 7). Then, a stand-by state is main- 
tained for a given period (Si 8) for leveiizing the ink. 
[0048] Subsequentiy. as required, by repeating the 
foregoing operation for a plurality of times as shown in 
Fig. 4B. an ink surface of the ink tank 5 can be set in the 
vicinity of the ink level sensor 23. In the shown embodi- 
"ment, the fbregoing operation is repeated twice. 
[0049] Next, as shown in Fig. 4C. an ink supply proc- 
ess from the second ink tank to the third ink tank 
through tiie first ink tank will be explained. 
[0050] At first, after leveiizing of ink within the ink tanks 
4 and 5. valves 9 and 10 are closed (S21 and S22) and 
the valve 22 is opened (S23). Then, the tube pump 50 is 
driven (S24). the air in the air chamber portion of the ink 
tank 5 is sucked to lower the pressure in the ink tank 5 
to lower the pressure within the Ink tank 2. It should be 
noted that, at this time, since the ejection openings of 
the printing head 1 is closed by a not shown capping 
means, the air will never be introduced therethrough. As 
a result, the ink is supplied from the ink tank 4 into the 
ink tank 2 via tfie ink passage 6. When the ink is accu- 
mulated wittiin the ink tank 2 to reach the connecting 
opening, tiie ink is introduced into tfie ink tank 5 via the 
ink passage 7 from the ink tank 2. Thus, tiie ink within 
the ink tank 4 moves into ttie ink tank 5 via tiie ink tank 
2. Thus, all tanks can be filled. 
[0051] At tills time, so tiiat the ink in the supply tank 
16 will never flow Into the third tank 5 via the fourth ink 
passage 14 by opening tiie fburtfi valve 21, the fourth 
valve 21 is biased in closing direction by an elastic 
member 27. 

[0052] However, when tiie tube pump 50 is continu- 
ously driven, tiie ink in tiie ink tank 4 is continuously 
reduced and conversely, tiie ink in tiie ink tank 5 is con- 
tinuously increased to cause overflow. Therefore, the 
foregoing operation is terminated when ttie ink level 
sensor 24 detects absence of tiie ink (S25) or when the 
level sensor 23 detects presence of the ink(S26). Then, 
the valve 10 Is opened (S27) to return the pressure in 
the ink tank to the atmospheric pressure. Furthermore, 
driving of tiie tube pump 50 is stopped (S28) to open the 
valve 9 (S29). Then, stand-by state is maintained for a 
given period (S30) to perform leveiizing of the ink to 
establish a condition capable of printing (S31). It is 
desirable to effect releasing of tiie not shown capping 
means after returning of the pressure within the ink tank 
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2. 

[0053] Ink drculating operation of S21 to S30 is per- 
formed for removing but>ble wittiin tfie ink supply system 
upon turning ON of tfie apparatus or when ON state of 
5 power supply is maintained for a long period without 
performing printing. 

[0054] Subsequently, as shown in Rg. 4D. in response 
to a signal commanding print from a not shown compu- 
ter, printing operation is performed (S32). When image 
10 printing is completed (S33), and if the ink level sensor 
24 does not detect absence of tiie ink, printing condition 
is maintained. On tiie other hand, if the ink level sensor 
24 detects absence of ttie ink (S34), ink supply opera- 
tion for tiie ink tanks 4 and 5 is initiated. 

IS [0055] In this operation, the valves 9, 10 and 22 are 
closed (S35. S36 and S37) and tfie tube pump 50 Is 
driven (S38). Then, tfie air in tfie air chamber portion of 
the ink tank 5 Is sucked for reducing pressure therein. 
"AsT result, the Ink in the supply tank 16 is sucked and 

20 introduced into the ink tank 5. Thus, tiie ink tank 5 is 
filled. Once the ink level sensor 23 detects presence of 
ink (S39), tiie valves 10 and 9 are opened in sequential 
order (S40 and S41) and the tube pump 50 is stopped 
(S45) to terminate a sequence of ink supply operation. 

25 [0056] When tiie printing apparatus is restarted for 
performing image printing, since tiie ink is already filled 
in respective ink tanks, stable printing with preventing 
penetration of bubble into the ink ejection nozzles can 
be performed by initiating ink circulating operation from 

30 tfie foregoing step S1 1 in order to remove bubble in the 
ink supply system. 

[0057] On the otfier hand, if tfie ink level sensor 23 
cannot detect the ink even after a given period despite 
of the sequence of the foregoing operation. H shoukJ be 
35 caused for spending out of tfie ink in the supply tank 1 6. 
Then, command is displayed for filling the ink in tfie sup- 
ply tank 16 or for exchanging tfie supply tank 16 witii 
one filled witii the ink. 

[0058] It should be noted tfiat while the shown embod- 
40 iment takes a sequence to initiate printing after ink cir- 
culating operation tiirough steps S21 to S30. when a 
liquid feeding amount by the tube pump at step S24 is 
small, it is possible to take a sequence to perform print- 
ing during circulation of the ink since variation of tfie 
45 negative pressure in tiie ink tank 2 will not be significant. 
For Instance, with setting tiie tube diameters and 
lengtfis of tiie Ink passage 6 and the ink passage 7 so 
tiiat the liquid feeding amount by the tube punrp is 2 
ml/min. and the negative pressure in the ink tank 2 is 
so greater In tiie extent of 1 0 to 20 mmH20 (namely, equiv- 
alent to tiiat tfie liquid surface of the ink tank 2 is low- 
ered in tfie extent of 10 to 20 mm from the actual leveQ. 
circulation of the ink and printing can be performed 
simultaneously with littf e influence for section of tiie ink. 

55 

(Second Embodiment) 

[0059] Fig. 5 is an explanatory illustration for explain- 
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ing an ink supply portion 1 00 of the second embodiment 
of the liquid ejection printing apparatus according to the 
present invention. The shown embodiment is applicable 
for the liquid ejection printing apparatus shown in Fig. 
1 b. set forth above. Construction common to the forego- 5 
ing first embodiment will be identified by the same refer- 
ence numerals for avoiding redundant discussion for 
keeping the disclosure simple enough to facilitate dear 
understanding of the present invention. 
[0060] In the shown embodiment of the second ink 10 
tank 4, the ink level sensor 24 and the ink level sensor 
25 are provided as the first detecting means. In the third 
ink tank 5, the Ink level sensor 23 as the second detect- 
ing means is provided. The ink level sensor 24 detects 
a minimum ink level of the ink tank 4, the ink level sen- is 
sot 25 detects a maximum ink level of the second ink 
tank 4. and the ink level sensor 23 detects a maximum 
-ink level of the^third ink tank 5. Hererthe ink level sensor 
25 is placed at a position lower than the ink level sensor 
23. 20 
[0061] In the drawing, the reference numeral 30 
denotes a capping member prevents plugging due to 
drying of the ink by tightly fitted onto the nozzle surface 
of the printing heads 205a (205b) when the carriage 
204 is stopped at a position normally called as home 25 
position out of the printing region of the carriage 204. 
[0062] Here, a detailed description will be given here- 
inafter with respect to a capping means constituted of a 
capping member 30 and means associated therewith. 
[0063] The capping means is supported by a not 30 
shown cap support member and has a mechanism to 
place tiie capping member 30 at positions for contacting 
with and releasing from the printing head 205a (205b). 
Furthermore, to the cap member 30, one end of the 
tube 31 is mounted for communication with the atmos- 35 
phere. The other end of the tube 31 is connected to the 
upper portion of the waste ink tank 13. 
[0064] A reason why a condition communicating with 
the atnvDSphere is established in the capping member 

30 using the atmosphere communication opening 19 is 40 
that the air within the cap will not be forced into the noz- 
zles of the printing head 205a (205b) when the capping 
member 30 is contacted with printing head 205a (205b). 

In place, as shown in Fig. 8, a valve 42 may be provided 
for adjusting a pressure within a gap defined in the cap- 45 
ping member 30 by the nozzle surface of the head 205 
(206b) and the capping member 30. 
[0065] In tiie tube 31, a suction pump 32 having both 
of a valve function and an ink suction function is pro- 
vided. The reference 33 denotes a tube pressurizing so 
roller which is rotatat)ly supported on an arm 36 pivota- 
ble about a pivot shaft 35 for pivotal movement in a 
direction of arrow G. Closing of ttie tube 31 is realized 
by stopping the pressurizing roller 33 at a position 
crushing or squeezing the tube 31 . A pushing member ss 
37 is constantiy biased toward tiie pressurizing roller by 
means of a compression spring 38 for crushing the tube 

31 while tiie pressurizing roller is maintained at a posi- 



tion for closing the tube 31. 

[0066] Next, a sequence of liquid supply in the shown 
embodiment will be explained with reference to Rgs. 6A 
to 6D and 7. 

[0067] At first, as shown in Fig. 6A, upon turning ON 
the power source (S101), the ink level sensor 24 pro- 
vided in the second ink tank 4 detects whether ink is 
present in the ink tank 4 or not (Si 02). If ink is not 
detected by the ink level sensor 24, an initializing oper- 
ation for filling the ink which will be described hereinaf- 
ter, is initiated. 

[0068] After closing valves 22. 9 and 1 0 in sequential 
order (SI 03, SI 04 and SI 05), the tube pump 50 is 
driven (S106) to suck the air within the air chamber por- 
tion of the third ink tank 5 for reducing the pressure 
therein. Then, the ink in the supply tank 1 6 is introduced 
into tiie third ink tank 5 through the tube 14. When the 
—ink level sensor-23-within the third ink tank 5 detects tiie 
ink level (liquid level) (SI 07), the valve 10 is opened 
(SI 08) to return the pressure within the third ink tank 5 
to the atmospheric pressure. Alter opening the valve 10, 
driving of the tube pump 50 is stopped (SI 09). 
[0069] Next, when tiie valve 9 is opened (S1 10), tiie 
ink is transferred from the third ink tank 5 to the second 
ink tank 4 for levelizing the ink. 

[0070] A condition where the ink in the secorKi ink tank 
4 and the third ink tank 5 is levelized conrpletely, is vari- 
able depending upon shapes of the second ink tank 4 
and the third ink tank 5, a tube diameter of the tube 8. a 
tube diameter of the valve 9. In the shown embodiment, 
a period required for levelization is estimated so that a 
signal indicative of completion of levelizing is transmit- 
ted to the supply system control portion on the basis of 
a waiting period from a timing of opening of the valve 9 
(S1 11). 

[0071 } When the ink level sensor 25 of the second ink 
tank 4 detects tiie ink (S1 12), tiie process moves to cir- 
culating operation to fill the ink within the first ink tank 2 
and removing the bubble within the tube. Even when the 
ink cannot be detected by the ink level sensor 25 even 
by the levelizing operation, the process is returned to 
step SI 03 to repeat levelizing operation after again fill- 
ing the ink to the third ink tank 5 (SI 03 to Si 1 1 ) until tiie 
ink is detected by the ink level sensor 25 (S1 12). 
[0072] Next, filling of the ink in tiie first ink tank 2 will 
be explained with reference to Fig. SB. 
[0073] At first, after detection of the ink by the ink level 
sensor 25 (S112). the valve 22 is opened (S1 13) and 
also the valves 9 and 1 0 are closed (S1 1 4 and S1 15). At 
this time, in order to avoid penetration of the but)ble from 
the nozzles of the printing head 205a (205b), the cap- 
ping member 30 of tiie printing head 205a (205b) per- 
forms contacting operation to contact with the printing 
head 205a (205b) (S1 16). Then, by driving the suction 
pump 32, the tube 31 is crushed by the pressurizing 
roller 33 to place the tube in closed condition (S1 17). 
When the tube punp 50 is driven (S118), the air in the 
air chamber position of tiie tiiird ink tank 5 is sucked. At 
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the same time, the ink in the first ink tank 2 Is sucked via 
the tube 7 and further the ink in the second ink tank 4 is 
sucked via the tube 6. 

[0074] As set forth above, by sucking the ink in the 
third ink tank 5 by the tube pump 50, the ink in the sec- s 
ond ink tank 4 is transferred to the first ink tank 2 and 
the third ink tank 5 to f 31 the ink for all of the tanks. 
[0075] The foregoing operation is stopped when the 
ink level sensor 24 of the second ink tank 4 detects "ink 
is absent" (S119) or when the ink level sensor 23 of the io 
third ink tank 5 detects Ink is present" (Si 20). Thereaf- 
ter, after closing the valve 22 (S121), the valve 10 is 
opened (SI 22) to return the pressure in the third ink 
tank 5 to the atmospheric pressure. Furthermore, driv- 
ing of the tube pump 50 is stopped (S123). then, the is 
suction pump 32 is driven and the tube is opened to the 
atmosphere (SI 24). Then, cap 30 is released from the 
printing head 205a (205b) (Si 25). The valve 9 is 
opened (SI 26).~ After waiting foragiven period (SI 27), ~ 
levelization of the ink is performed. When levelization of 20 
the ink is completed, a condition capable of peribrming 
printing (stand-by state for printing) is established by 
closing the valve 9 (SI 28). Then, a print stand-by signal 
is transmitted to the not shown ink supply system con- 
trol portion (SI 29). 25 
[0076] After print stand-by state is established (SI 29). 
it becomes possible to select termination of printing or 
continuation of printing (SI 30). When printing is to be 
terminated and apparatus is to be stopped, an ink sup- 
ply system terminating operation for quickly fransit to 30 
the printing operation upon starting up of tiie printing 
apparatus at the next time, is performed. When printing 
is to be continued, a remaining amount of the ink in 
respective ink tanks is detected to control the ink supply 
system for constantly placing tiie printing head 205a 35 
(205b) in a state for enabling printing depending upon 
presence and absence of the ink in the make-up tank 1 6 
and presence and absence of the ink in the second and 
third ink tanks 4 and 5. in stable condition. 
[0077] Here, driving operation of the ink supply sys- 4o 
tern for the case where printing is performed continu- 
ously, will be explained in detail. 
[0078] In the shown embodiment of the printing appa- 
ratus, printing of the image on a printing medium is per- 
formed (S131) is performed by driving the printing head 45 
205a (205b) by an image signal of a printing command 
from a computer as a not shown ejection control means. 
After termination of image printing (SI 32), a timer for 
detecting presence and absence of the ink in the supply 
tank 16 is reset (Si 33) and then re-started (Si 34). so 
Then, judgement is made whether the ink is present or 
absent in the third ink tank 5 by the ink level sensor 23 
(Si 35). When presence of the ink is detected, the proc- 
ess is advanced to step SI 36. At step S136, judgement 
whether the presence or absence of the ink in the sec- ss 
ond ink tank 4 is made by tiie ink level sensor 24. If 
absence of the ink is detected, levelization is performed 
returning step SI 26 to supply the ink in the second ink 



tank 4, 

[0079] When tiie ink level sensor 24 of the second ink 
tank 4 detects presence of the ink (Si 36), the print 
stand-by state is established (S129). 
[0080] When the ink is not filled in the tiiird ink tank 5 
as a result of judgement whether the ink is present or 
absent in the third ink tank 5 by the ink level sensor 25 
at step SI 35. and if a period sufficient for supplying and 
filling tiie ink. the process is returned to step Si 35. 
When the ink level sensor 23 does not detect the ink 
even after elapse of the sufficient period for supplying 
and filling tiie ink, a time out is judged (SI 37). In tiiis 
case, time out as judged at step SI 37 represents 
spending out of the ink in tiie ink supply tank 16. There- 
fore, "ink spent out" is displayed on a not shown display 
panel of tiie printing apparatus or on a conrputer con- 
nected to the printing apparatus (SI 38). 
[0081] Furthermore, at tills condition, the ink level 
"^nsor 24 of the"sec»hd ink tank 4 makes judgement 
whether the ink is present or not (S139). If absence of 
tiie ink is detected, tiie process is advanced to step 
SI 49 to slop all of driving (SI 50 to SI 53). Then, tiie 
power source for the printing apparatus is turned OFF. 
The ink level sensor 24 oftiie second ink tank 4 detects 
presence of the ink (Si 39). Then, the printing apparatus 
returns to the print stand-by state (SI 29). 
[0082] Assuming tiiat a volume from the end portion 
of the tube 6 of the second ink tank 4 to the sensor level 
surface is set for certainly maintain the minimum ink 
amount to be consumed for printing one printing 
medium even when tiie ink level sensor 24 detects 
absence of the ink during printing, as necessary 
amount, spending out of the Ink of tiie second ink tank 4 
can be successfully prevented and, in turn, penetration 
of the bubble into the tube can be successfully pre- 
vented. In tiie ink supply mettiod according to tiie 
present invention, it becomes necessary that the ink 
level sensor 23 of the third ink tank 5 continuously 
detect presence of tiie ink from completion of printing to 
ti-ansition to the printing stand-by state. 
[0083] In order to realize this condition, at the same 
time of outputting of the print stand-by signal from tiie 
not shown ink supply system control portion (S129). 
detection whether the ink is present in the third ink tank 
5 or not is made so tiiat the operation for filling the third 
ink tank 5 is initiated rf not filled. 
[0084] Filling operation of the ink to the tiiird ink tank 
5 will be illustrated in Fig. 7. As set forth above, if the 
print stand-by signal is output (S129). presence or 
absence of the ink is detected by the ink level sensor 23 
(SI 54). If the ink is present, process directiy goes END. 
}f absence of the ink is detected, valve 10 is dosed 
(S155), and the tube pump 50 is driven (S156) for sup- 
plying and filling the ink to the tiiird ink tank 5 until the 
ink level (liquid level) is detected by the ink level sensor 
23 (S157). Once the ink is filled in the tiiird ink tank 5, 
tiie valve 10 is opened (SI 58). Subsequentiy. driving of 
the tube pump 50 is stopped (SI 59). Through these 
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operation, the third ink tank 5 can be maintained in the 
filled state as long as the ink being in the makeup pump 
16. In the shown ink supply system, without taking the 
stand-by period for filling the ink in respective ink tank, 
printing can be performed smoothly without stopping 
printing. 

[0085] If termination of printing is selected in judge- 
ment of termination of printing (S130) following print 
stand-by state (Si 29), ink supply terminating operation 
is performed. In the present invention, not shown supply 
control portion controlling the ink supply operation and 
not shown computer controlling ejecting operation of the 
printing head are driven simultaneously by a not shown 
drive control means. The drive control means may be 
formed with the not shown computer. 
[0086] As shown in Figs. 6C to 6D if termination of 
printing is selected (8130). presence or absence of the 
- - ink-is detected by the ink level sensor 23 of the third ink 
tank 5 (Si 40). If the ink is absent in the third ink tank 5, 
supplying and filling operation of the ink for the third ink 
tank 5 is performed. 

[0087] At first, the valve 1 0 of the atmosphere commu- 
nication opening is closed (8141) and the tube pump 50 
is driven (8142). The timer for detecting presence or 
absence of the ink of the supply tank 16 is reset (8143) 
and then restart (8144). Judgement is made whether 
the ink is present or not in the third ink tank 5 by the ink 
level sensor 23 (8145). After detecting presence of inK 
the process is advanced to the next step 8148. 
[0088] At step 81 45. judgement is made whether the 
ink is present or absent in the third ink tank 5 by the ink 
level sensor 23. If the ink is not filled in the third ink tank 
5. and if the current timing is within a period sufficient for 
supplying and filling of the ink, the process is returned to 
step 8145. If the ink is not detected by the ink level sen- 
sor even when the sufficient period for supplying and fill- 
ing the ink is elapsed, time out is judged (8146). Since 
time out represents that the ink in the supply tank 16 is 
spent out. Therefore, "ink spent out" is displayed on a 
not shown display panel of the printing apparatus or on 
a computer connected to the printing apparatus (3147). 
Then, the process is advanced to step 8148. 
[0089] Subsequently, driving of the tube pump 50 is 
stopped (8148). Then, valves 10 and 9 are opened 
(8149 and 8150) to transfer the ink to the second ink 
tank 4 to perform levelization. After stand-by state for a 
given period (8151), the valve 22 is opened (8152) and 
the power source of the apparatus is turned OFF (8153) 
to terminate operation of the apparatus. 
[0090] By the terminating operation set forth above, 
the ink is filled for each tank. Therefore, when the print- 
ing apparatus is re-started for performing image printing 
for the next time, the ink is filled in each ink tank. There- 
fore, after turning ON of the power source for removing 
the bubble within the ink supply system, the ink level 
sensor 24 initiates operation from the step 81 1 3 in order 
to detect the ink in the second ink tank 4 and thus the 
penetration of the bubble into the ink nozzles can be 
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prevented to enable stable output of the image. 
(Third Embodiment) 

5 [0091 ] Figs. 9A and 9B are explanatory illustrations of 
the ink-jet printing apparatus as one embodiment of the 
third embodiment of the liquid ejection printing appara- 
tus according to the present invention, in which Fig. 9A 
is a top plan view and Fig. 98 is a front elevation of the 

10 ink-jet printing apparatus as viewed in the direction of 
anrow A as shown in Fig. 9A. 

[0092] As shown in Figs. 9A and 98, the shown 
embodiment of the ink-jet printing apparatus, a casing 
324 has a mutually opposing side plates 322 and 323. 

IS To the side plate 322. respective one ends of mutually 
parallel the primary scanning rail 307 and a caniage 
stay 334 are mounted. On the other hand, to the side 
~ plate 323. the other ends of the primary scanning rail 
307 and tiie carriage stay 334 are mounted. By the pri- 

20 mary scanning rail 307 and the carriage stay 334. a car- 
riage 316 is supported for reciprocal movement in a 
direction of arrow X shown in Fig. 9A. On the carriage 
316. six Section head portions 301 for six colors of 
cyan, magenta, yellow, t)lack, cyan light color, and 

25 magenta light color are mounted. 

[0093] Each ejection head portion 301 has nozzle por- 
tion for ejecting the ink as the liquki toward the printing 
medium, such as a paper or a film. In each nozzle por- 
tion, electrothermal transducer for generating thermal 

30 energy for ejection of the ink is provkJed. Within tiie 
ejection head portion 301. the ink is supplied by capil- 
lary phenomenon in the nozzle portion. The ink forms 
meniscus at a tip end surface (hereinafter referred to as 
"nozzle surface") in which the nozzle portions of the ink 

35 ejection head 301 open and thus is maintained in a con- 
dition filling the nozzle portions. At this condition, by 
supplying electric power to the electrothermal trans- 
ducer, bubbling is caused by heating tiie ink on the elec- 
trothermal transducer. By energy of bubbling, ink 

40 droplet is ejected through the nozzle. 

[0094] On the other hand, to tiie ejection head portion 
301, a driving substrate for driving the ejection head 
portion 301 is provided. The driving substrate of the 
ejection head portion 301 is connected to a main tx>ard 

45 327 mounted on the casing 324 via a flexible cak>le 328. 
By feeding an electrical signal to the driving substrate of 
the ejection head portion 301 from the main board 327 
tiirough the flexible cable 328. ink ejection timing of the 
ejection head portion 301 can be controlled. 

so [0095] On the other hand, on one end of the casing 
324. a primary scanning motor 308 is mounted. On the 
otiier end of the casing 324. a pulley 341 is mourited. 
Over the primary scanning motor 308 and the pulley 
341 , a belt 318 is stretched so that the belt 318 is driven 

55 by the main scanning motor 308 to travel. To one portion 
of the belt 318, tiie carriage 316 is connected. Accord- 
ingly, by driving of tiie belt 318. the carnage 316 is 
moved reciprocally in the direction of arrow X as shown 
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in Fig. 9A. 

[0096] On the carriage 31 6. six air buffers 349 as the 
first tanks respectively corresponding to six ejection 
head portions 301 are mounted. Each ejection head 
portion 301 is connected to the air t)uffer 349 oorre- s 
spending to each ejection head portion by a head sup- 
ply tube 320. On the end portion of the pulley 341 of the 
casing 324, a holding tank 333 as the second tank for 
temporarily storing the ink to be supplied to the ejection 
head portion 301 and a sub-tank 303 as the third tank io 
temporarily storing the ink to be supplied to the holding 
Ink 333 are mounted. On the lower side of the sub-tank 
303 and the holding tank 333. a main tank 302 as the 
fourth tank for storing the ink to be supplied to the sub- 
tank 303 is mounted. is 
[0097] The holding tank 333, the sub-tank 303 and the 
main tank 302 are respectively divided into six cham- 
bers con^esponding to respective color inks. Respective 
chamberenof~the~holding"tarik~ 

respectively corresponding air buffers 349 by holding 20 
tank tubes 326 as the first liquid supply passages. The 
air buffers 349 are connected to provided at positions in 
the vidnity of the ejection head portion 301. Respective 
chambers of the sub-tank 303 of the- head are con- 
nected to corresponding air buffers 349 through sub- 25 
tank tubes 321 as the third liquid supply passages, 
respectively. On the other hand, respective chambers of 
the sub-tank 303 are connected to corresponding 
chambers of the main tank 302 via main tank lubes 332 
as the fourth liquid supply passages. so 
[0098] In the vicinity of the sub-tank 303 and the main 
tank 302, a recovery system 325 constructed with a cap 
and so on which will be explained later with reference to 
Fig. 11. is provided. Detailed construction of the pas- 
sage of the ink between the main tank 302 arxJ the ejec- ss 
tion head portion 301 and the liquid supply passage will 
be explained later. 

[0099] As the flow of the ink in the shown enrbodiment 
of the ink-jet printing apparatus, the ink us supplied from 
the main tank 302 to the sub-tank 303 through the main 40 
tank tube 332. Thereafter, from the sub-tank 303, the 
ink is supplied to the holding tank 333 through the sup- 
ply passage which will be explained later with reference 
to Fig. 1 1 and the sub-tank holding tank tube as the sec- 
ond liquid supply passage. Then, from the sub-tank 45 
303, the ink is supplied to the air buffer 321 through the 
sub-tank tube 321 and from the holding tank 333, the 
ink is supplied to the air buffer 349 through the holding 
tank tube 326. From the air buffer 349 to the ejection 
head portion 301, the ink is supplied through the ink so 
supply tube 320. 

[0100] On the carriage 316. one end portion of flexible 
or articulated caterpillar 331 is fixed by means of fasten- 
ing screws. The other end of the caterpillar 331 is fixed 
at position in the vicinity of the sub-tank 303 and the ss 
holding tank 333. The sub-tank tubes 321 and the hold- 
ing tank tubes 326 extend through inside off the caterpil- 
lar 331. 



[01 01 1 On the other hand, on the casing 324. a paper 
feeding roller 330. an auxiliary scanning roller 319 and 
a paper ejection roller 329 extending in a direction par- 
allel to motion direction of the carriage 316 are 
mounted. Respective one ends of the paper feeding 
roller 330, the auxiliary scanning roller 319 and the 
paper ejection roller 329 are rotatably supported on the 
side plate 322. The other ends of the paper feeding 
roller 330. the auxiliary scanning roller 319 and the 
paper ejection roller 329 are rotatably supported on the 
side plate 323. By the auxiliary scanning roller 319. the 
printing paper 315 as the printing medium is fed. On the 
other hand, by ejecting the ink from the ejection head 
portion 301 toward the printing paper 315, printing is 
performed on the printing paper 315. Next, explanation 
will be given for a transporting passage of the printing 
medium in the shown embodiment of the ink-jet printing 
apparatus witii reference to Figs. 10A and 10B. 
[0102] Fig."10A"is a sectiorl taken along line B - B* of 
Fig. 9B. When printing is performed for a easily flexible 
printing medium, such as a thin paper, film and the like, 
the printing paper 315 as the printing medium is 
inserted into a manual feeding opening 371 shown in 
Fig. -1 OA. The printing paper 315 thus inserted is 
gripped by opposing two manual feeding rollers 334 and 
is fed in a direction toward the auxiliary scanning roller 
319. A manual driven roller 336a is biased toward the 
auxiliary scanning roller 319. The printing paper 315 
reaching the auxiliary scanning roller 319 is gripped 
between tiie auxiliary scanning roller 319 and tiie man- 
ual driven roller 336a to be fed in the direction toward a 
driven roller 337 located in the vicinity of the ejection 
head portion 301 . The driven roller 337 is biased toward 
the auxiliary scanning roller 319. The printing paper 315 
reaching to the driven roller 337 is fed as being gripped 
between the auxiliary scanning roller 319 and the driven 
roller 337 to pass tiie lower side of tiie nozzle surface of 
tiie ejection head portion 301. Thereafter, the printing 
paper 315 is fed as being gripped by opposing two 
paper ejecting rollers 329 to be ejected outside of the 
ink-jet printing apparatus through a paper ejecting 
opening 372. 

[0103] On the other hand, when a straight printing 
medium not possible to be bent or difficult to bent, such 
as a wooden plate, a thick paper, a thick film or the like, 
tiie straight printing medium 335 is inserted from an 
insertion opening 373. The straight printing medium 335 
thus inserted is clamped between nujtually opposing 
two paper feeding rollers 330 to be transferred in a 
direction toward the auxiliary scanning roller 319. When 
tiie straight printing medium 335 reaches the auxiliary 
scanning roller 319, the straight printing medium 335 is 
clamped between the driven roller 337 and the auxiliary 
scanning roller 319 and transported. Thus, the straight 
printing medium 335 passes through the lower side of 
tiie nozzle surface of the ejection head portion 301. 
Subsequently, the straight printing medium 335 is 
clamped between mutually opposing two paper ejection 
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rollers 329 to be transported and thus to be ejected to 
the outside of the ink-jet printing apparatus form the 
paper ejecting opening 372. 

[0104] The printing paper 315 or a straight printing 
mediunn 335 is located below the ejection head portion s 
301, by ejecting the ink from the ejection head portion 

301 , printing is performed for the printing paper 315 and 
the straight printing medium 335. 

[01 05] Fig. 1 0B is a section of the major portion of the 
ink-jet printing apparatus shown in Rgs. 9A and 9B. As io 
shown in Fig. 10B, the sub-tank 303 and the holding 
tank 333 are located at lower position than the nozzle 
surface of the ejection head portion 301 . Similarly to the 
conventional ink-jet printing apparatus, the sub-tank 
303 and the holding tank 333 are arranged so that the is 
meniscus is formed on the nozzle surface of the ejection 
head portion 301 . Accordingly, the sub-tank 303 and the 
holding -tank 333 are located at substantially-the -same 
height as the transporting passage 374. Here, as shown 
in Figs. 9A and 98, the sub-tank 303 and the holding 20 
tank 333 are mounted on the end portion of the casing 
324. The sub-tank 303 and the holding tank 333 are 
arranged so as not to cause interference with the trans- 
porting passage 374 and the straight printing medium 
335 shown in Fig. 10A. 25 
[0106] Next, the construction of the ink passage and 
the liquid supply passage between the main tank 302 
and the ejection head portion 301 in the shown embod- 
iment of the Ink-jet printing apparatus, will be explained 
with reference to Fig. 11. 30 
[0107] Fig. 11 shows an ink passage of the shown 
embodiment of the ink-jet printing apparatus. The 
shown emtxxJiment of tiie ink-jet printing apparatus 
uses a plurality of colors of inks. Therefore, the ink pas- 
sage is provided for each color. The construction of 35 
each Ink passage is the same with each otiier. There- 
fore, in Rg. 1 1 . tiie construction of the passage is illus- 
trated for only one color. 

[0108] As shown In Fig. 1 1 , tine main tank 302 and the 
sub-tank 303 are connected through the main tank tube 40 
332. In the intermediate position of the main tank tube 
332, a check valve 340 as one-way valve is mounted. 
BY mounting the check valve 340, it becomes possible 
to flow the ink from the main tank 302 to the sub-tank 
303. Conversely, flow of the ink from the sub-tank 303 to 45 
the main tank 302 is blocked. On the end of the main 
tank tube 332 on the side connected to tiie main tank 

302, a joint 354 with a hollow needle 356 like an injec- 
tion needle is mounted. The joint 354 is set in a rubber 
plug 355 provkied in the main tank 302. The needle 356 so 
pierces tiirough the rubber plug 355 to connect tiie main 
tank tube 332 and tiie main tank 302. The other end of 
the main tank tube 332 is Inserted Into the sub-tank 303. 

In the sub-tank 303, a bar-like electrode A 343, elec- 
trode B 344 and electrode C 345 are inserted into the ss 
sub-tank 303 from tiie upper end of the sub-tank 303 in 
order to detect remaining amount of the ink witiiin the 
sub-tank 303. With the electrode A 343. the electrode B 
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344 and the electrode C 345, a liquid surface detecting 
means detecting tiie liquid surface of the ink within the 
sub-tank 303 is formed. By the Ik^uid surface detecting 
means, the liqukl surface of the ink within the sub-tank 
303 can be detected at a predetermined height to detect 
the remaining amount of the ink in tiie sub-tank 303. 
[01 09] Fig. 1 2 is an enlarged view of the ink passage 
shown in Fig. 11 in the peripheral portion of the sub- 
tank 303. As shown in Fig. 1 1, the tip end of the elec- 
trode A 343 is inserted so that the tip end of the elec- 
trode A 343 is located at a height position indicated by 
(Q). The tip ends of the electrode B 344 and the elec- 
trode C 345 reach a height (H) located at deeper posi- 
tion than (Q). The electrode A 343. the electrode B 344 
and the electi-ode C 345 are electrically connected to 
the main board 327 shown in Figs. 9A and 9B, respec- 
tively. Low cuH'ent flows through respective of the elec- 
trode A 343, the electrode B 344 and the electrode C 

345 for detecting conduction between the electrodes 
through the Ink as electrically conductive material for 
detecting tiie ink amount within the sub-tank 303. Par- 
ticularly, if the lk)uid surface of the ink within the sub- 
tank 303 is lower than.the height (H). the electrode B 
344 and the electrode C 345 becomes non-conductive 
state. When non-conductive state between the elec- 
trode B 344 and the electrode C 345 is detected, tiie ink 
is supplied from the main tank 302 to the sub-tank 303 
as will be explained later, if the liquid surface of the ink 
within the sub-tank 303 is higher than the height (Q), the 
electrode A 343 and the electrode B 344 are in conduc- 
tive state to stop supply of the ink to the sub-tank 303. 
[0110] On tiie otiier hand, at an upper portion of the 
sub-tank 303 higher than the height (Q), an atmosphere 
opening valve 363 to be opened and closed by a not 
shown driving source is provided. 

[0111] The holding tank 333 is provided adjacent the 
sub-tank 303. The bottom surfoce of tiie hokling tank 
333 is located at the same height as tiie bottom surface 
of the sub-tank 303. On the bottom surlace of the sub- 
tank 303, one end of the sub-tank holding tank tube 364 
as the supply passage is connected. On the tx>ttom sur- 
face of the holding tank 333, the other end of the sub- 
tank holding tank tube 364 is connected. Thus, by the 
sub-tank holding tank tube 364. the bottom portion of 
tiie sub-tank 303 and the bottom portion of the holding 
tank 333 are connected. At tiie intermediate position of 
the sub-tank holding tank tube 364, a sub-tank holding 
tank valve 339 is provided. The sub-tank holding tank 
valve 339 is adapted to block the ink passage between 
the sub-tank 303 and the holding tank 333 by crushing 
the sub-tank holding tank tid3e 364. 
[0112] The sub-tank 303 and the air buffer 349 are 
connected through the sub-tank tube 321. One end of 
the sub-tank tube 321 Is inserted into the sub-tank 303 
from the upper end of the sub-tank 303. The one end of 
tiie sub-tank tube 321 is located at a position lower than 
the height of the lower ends of the electrode B 344 and 
the electrode C 345. The other end of the sub-tank tube 
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321 is inserted into the air buffer 349 from the upper end 
of the air buffer 349. The holding tank 333 and the bot- 
tom portion of the air buffer 349 are connected through 
the holding tank tube 326. The end of the holding tank 
tube 326 on the side of holding tank 333 is inserted into 
the holding tank 333 from the upper portion of the hold- 
ing tank 333. The end surface of the hokiing tank tube 
326 reaches in the vicinity of the bottom surfece of the 
holding tank 333. 

[0113] The bottom portion of the air buffer 349 and 
each ejection head portion 301 are connected by the 
head supply tubes 320. At the intermediate position of 
each head supply tube 320, a buffer valve 346 is pro- 
vided. 

[0114] A cap 347 for capping the ejection buffer por- 
tion 301 is connected to a waste ink tank 352 by a suc- 
tion tube 365. In the suction tube 365. a suction pump 
348 is provided. As the suction pump 348. a tube pump 
is employed. Under the condition where the ejection 
head portion 301 is capped with the cap 347, the suc- 
tion pump 348 is driven to suck the ink within the ejec- 
tion head portion 301 into the cap 347. The sucked ink 
is stored within the waste ink tank 352 through a suction 
tube 365. 

[0115] Furthermore, the waste ink tank 352 and the 
sub-tank 303 are connected by a pump tube 342. One 
end of the pump tube 342 is inserted into the sub-tank 
303 from the upper portion of the sub-tank 303. The one 
end of the pump tube 342 is located at the position 
higher than the lower end of the electrode A 343. To the 
pump tube 342. a supply pump 366 as a pressure gen- 
erating means is provided for reducing and increasing 
pressure within the sub-tank 303. As the supply pump 
366. the tul^ pump driven in forward and reverse direc- 
tions may be employed. 

[0116] The suction punnp 348 and the supply pump 
366 have rotors, respectively. Respective rotors of the 
pumps driven to rotate by a not shown pump motor for 
driving the pump. The rotor of the suction pump 348 is 
rotated in the direction shown by arrow S to drive the 
suction punrp 348. The air and the ink within the suction 
tube 365 is moved in the direction shown by arrow 1. The 
rotor of the supply pump 366 is driven to rotate In the 
direction shown by arrow T to drive the supply pump 
366 in forward direction. Then, the air and ink within the 
pump tube 342 is moved in the direction shown by the 
arrow K. On the other hand, conversely to the above, 
the rotor of the supply pump 366 is driven to rotate in the 
direction of arrow U to drive the supply pump 366 in 
reverse direction to move the air and the ink within the 
pump tube 342 in the direction of arrow R. 
[0117] On the other hand, the ink within the holding 
tank 333 flows into the sub-tank 303 through the holding 
tank tube 326, the air buffer 349 and the sub-tank tube 
321. At this time, a flow resistance is smaller than the 
flow resistance upon flowing the ink in the main tank 
302 through the main tank tube 332 and the check valve 
340. 
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[01 18] Liquid supply operation of the shown embodi- 
ment in the ink-jet printing apparatus constructed as set 
forth above will be explained with reference to Rgs. 13A 
to 130. At first, the operation for supplying ink from the 
5 main tank 302 to the sub-tank 303 will be explained with 
reference to a flowchart of Fig. 13A. 
[01 1 9] At first, the atmosphere opening valve 363. the 
sub-tank 338 and the suk>-tank holding tank valve 339 
are closed (S201 , S202 and S203) to enclose the sub- 
10 tank 303. The rotor of the supply pump 366 is driven to 
rotate In a direction of arrow U for fbnfvard driving 
(S204). By this, the air in the pump tube 342 is moved in 
the direction of arrow R to discharge air in the sub-tank 
303 through the pump tube 342. Thus, the pressure in 
IS tiie sub-tank 303 is reduced to be a negative pressure. 
By situating the sub-tank 303 in the negative pressure 
condition, the ink within the main tank 302 is supplied 
into the sub-tank 303 through the main tank tube 332. 
[01 20] When botii of the electrode A 343 and the elec- 
20 trode B 344 tiie foregoing ink supply operation from the 
main tank 2 to the sut>-tank 303, electric current f tows 
between the electrode A 343 and the electrode B 344 to 
detect that tiie ink Is filled in tiie sub-tank 303 (S205). 
Then, a signal is fed to the main board 327. 
25 [01 21 ] When the signal is fed from the electrode A 343 
and the electrode B 344 to the main tx>ard 327, a stop 
command is issued from the main board 327 to the sup- 
ply pump 366 to stop the supply pump 366 (S206). 
[0122] Next, the atmosphere opening valve 363. the 
30 sub-tank 338 and tiie sub-tank holding tank valve 339 
are opened (S207, S208 and S209). Then, the ink in the 
sub-tank 303 enters into tiie holding tank 333 through 
the sub-tank holding tank tube 364 by own weight of the 
ink. At this time, until the height of the Ikfukl surface of 
35 tiie sub-tank 303 becomes the same height as the lk:|uid 
surface of the ink within the holding tank 333. the ink 
within the sub-tank 303 flows into the holding tank 333. 
[0123] It should be noted that when the ink and air 
(but)ble) are present witiiin the sul>-tank hokiing tank 
40 364, the ink becomes difficult to flow through the sub- 
tank holding tank tube 364 or impossible to flow through 
the sub-tank holding tank tube 364. In this case, opera- 
tion to forcedly supply the ink within the sub-tank 303 
into the holding tank 333 through tiie sub-tank hokiing 
45 tank tube 364. The operation for forcedly supplying ink 
from the sub-tank 303 to the holding tank 333 will be 
explained with reference to the flowchart in Rg. 13B. 
[0124] At first, after closing the atmosphere opening 
valve 363 and tiie sub-tank 338 (S210 and S21 1 1), tiie 
so rotor of tiie supply pump 366 is rotated in the direction 
of arrow T to drive tiie supply pump 366 in reverse direc- 
tion (S212 and S213) to feed tiie air within the pump 
tube 342 in the direction of arrow K. By ttiis, the air in tiie 
pump tube 342 is fed into the sub-tank 303 to pressurize 
55 inside of the sub-tank to positive pressure. When the 
inside of the sub-tank becomes positive pressure, the 
ink within the sub-tank 303 is pushed into the sub-tank 
holding tank tube 364. Then, the air (but)ble) presenting 



EP0916502A2 



25 



30 



35 



40 



45 



SO 



12 



BNSDOCIO: <EP 0916502A^L> 



23 



EP0 916 502 A2 



24 



within the sub-tank holding tank tube 364 is pushed into 
the holding tank 333 together with the ink. Subse- 
quently, the supply pump 366 is stopped (S214). and 
the atmosphere opening valve 363 and the sub-tank 
valve 338 are opened (S21 5 and S21 6). As a result, the 5 
sub-tank holding tank tube 364 is filled with the ink and 
thus the ink in the sub-tank 303 flows into the holding 
tank 333 through the sub-tank holding tank tube 364 
until the height of the ink within the sub-tank 303 and the 
height of the ink within the holding tank 333 become 70 
equal to each other. Here, since the holding tank 333 is 
opened to the atmosphere through the atmosphere 
opening hole 351, when the air (bubble) is pushed into 
the holding tank 333 from the sub-tank holding tank 
tube 364, the air within the holding tank 333 is dis- 15 
charged into the atmosphere through the atmosphere 
opening hole 351. Thus, the pressure within the holding 
__tankJ333-can.be maintained .aUhe-atmospheric pres- 
sure. 

[0125] After the height of the ink within the sub-tank 20 
303 and the height of the ink within the holding tank 333 
become equal to each other by flowing the ink from the 
^sub-tank 303 into the holding tank 333. the liquid level of 
the ink in the sub-tank 303 can be lower than the lower 
ends of the electrode B 344 and the electrode C 345. In 2s 
this case, since the ink is not present between the elec- 
trode B 344 and the electrode C 345. shut-off of the cur- 
rerrt between the electrode B 344 and the electrode C 

345 is detected as illustrated in the f bwchart shown in 
Fig. 10c (S217). When shutting off of the current so 
between the electrode B 345 and the electrode C 345 is 
detected, a command signal for initiation of the ink sup- 
ply operation is transmitted from the main board 327 
shown in Fig. 9. again. Thus, the ink supply operation 
from the main tank 302 to the sub-tank 303 is performed 3S 
in the similar manner as that illustration in the flowchart 

of Fig. 10A. . 

[0126] By repeating the ink supply operation from the 
main tank 302 and the sub-tank 303 set forth above, 
height of the liquid surfaces of the ink within the sub- 40 
tank 303 and the holding tank 333 is maintained within 
a range of lines (Q) arKi (H) shown in Rg. 12. 
[01 27] Next, the ink supply operation from the holding 
tank 333 to the air buffer 349 will be explained with ref- 
erence to the flowchart of Fig. 13D. 4S 
[01 28] At first, the atmosphere opening valve 363, the 
sub-tank holding tank valve 339 and the buffer valve 

346 are closed (S218, S219 and S220). Then, the rotor 
of the supply pump 366 is driven to rotate in the direc- 
tion of allow U for driving the supply pump 366 in the for- so 
ward direction (8221). The supply pump 366 is driven 

for a given period (S222) for feeding the air within the 
pump tube 342 in the direction of arrow R to discharge 
the air of the sub-tank 303 through the pump tube 342. 
Thus, the pressure in the sub-tank 303 is lowered to be ss 
negative pressure. As a result, the air buffer 349 and the 
holding tank tube 326 become negative pressure. 
[01 29] As set forth above, by making the ins'des of the 



sub-tank 303. the sub-tank tube 321, the air buffer 349 
and the holding tank tube 326 negative pressure, the ink 
in the holding tank 333 is supplied into the air buffer 349 
through the holding tank tube 326. Until the ink within 
the air buffer 349 contacts with the sub-tank tube 321, 
the liquid surface of the ink within the air buffer 349 is 
elevated. Then, the ink within the air buffer 349 is fed 
into the sub-tank 303 through the sub-tank tube 321 . 
[0130] On the other hand, at this time, since the inte- 
rior of the main tank tube 332 also becomes negative 
pressure, the ink is also supplied from the main tank 
302 to the sub-tank 303. After a given period from initia- 
tion of driving of the supply pump 366, the supply pump 
366 is stopped (S223). 

[01 31 ] Thereafter, the atmosphere opening valve 363 
and the sub-tank holding tank valve 339 are opened 
(S224 and S225). Here, as set forth above, the Ink pas- 
— sage is constructed -so that the resistance of the flow 
passage to flow the ink through the holding tank tube 
326, the air buffer 349 and the sub-tank tube 321 
becomes smaller than the resistance of the flow pas- 
sage when the ink flows through the main tank tube 332 
and the check valve 340. This enables to certainly sup- 
ply the Ink from the holding tank 333 to the air buffer 
349. 

[0132] Next, the ink supply operation from the air 
buffer 349 to the ejection head 301 will be explained 
with reference to Figs. 13D. 

[01 33] At first, tiie ejection head portion 301 is capped 
by the cap 347 (S226). Then, the suction pump 348 is 
driven (S227) to move the air in the suction tube 365 in 
the direction of arrow I. By this, the insides of the cap 
347 and tiie ejection head portion 301 become negative 
pressure. Then, tiie kxjffer valve 346 is opened (S228). 
Since the insides of the cap 347 and the ejection head 
portion 301 are held In negative pressure, the ink witiiin 
the air txjffer 349 is supplied to the ejection head portion 
301 tiirough the head supply tube 320. Thus, the ink is 
filled in the nozzles of tiie ejection head portion 301. 
Thereafter, tiie suction pump 348 is stopped (S229). 
After waiting tiie negative pressure in the cap 347 and 
the negative pressure of the air buffer 349 to be ele- 
vated (varied toward the positive pressure) to the prede- 
termined value, the cap 347 is released from the 
ejection head portbn 301 (S230). At tiiis time, to the; ink 
within the nozzle surfece of the ejection head portion 
301, the meniscus is formed. Therefore, even when a 
height difference J is present between the nozzle sur- 
face 359 of the ejection head portion 301 and the liquid 
surfeces of tiie ink within tiie sub-tank 303 and the hold- 
ing tank 333 is present, the ink can be held within the 
nozzles of tiie ejection head portion 301. Here, tiie ink 
sucked into the cap 347 is collected into the waste ink 
tank 352 tiirough the suction tube 365. 
[01 34] As set forth above, by supplying the ink to the 
nozzles in the ejection head portion 301 , the ink can be 
ejected from the ejection head portion 301 . 
[01 35] Next, the ink supply operation for supplying ink 
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from the main tank 302 to the sub-tank 303 while print- 
ing is performed by ejecting the ink from the ejection 
head portion 301 toward the printing medium. 
[0136] In the shown embodiment of the liquid supply 
apparatus, it is possible to supply the ink In the holding s 
tank 333 to the air buffer 349 through the holding tank 
tube 326 while ink is supplied from the main tank 302 to 
the sub-tank 303. On the other hand, at this time, since 
the buffer valve 346 is opened, ink can be supplied from 
the air buffer 349 to the ejection head portion 301 io 
through the head supply tube 320. Therefore, similarly 
to the foregoing second embodiment, printing by the 
ejection head portion 301 onto the printing medium can 
be performed even while the ink is supplied from the 
main tank 302 to the sub-tank 303. is 
[01 37] On the other hand, when the ink is not supplied 
from the main tank 302 to the sub-tank 303, the main 
tank 302 can be exchanged even while printing is per- 
"foffhed onto the priming m~edium~by the 1^^^ head 
portion 301 . Accordingly, when the ink in the main tank 20 
302 is spent out while printing is performed by ejecting 
the ink from the ejection head portion 301. the main 
tank 302 is exchanged while the ink is not supplied from 
the main tank 302 to the sub-tank 303 for setting the 
main tank 302 filled with the ink to the main body of the 25 
ink-jet printing apparatus without interrupting printing by 
the printing head portion 301. 

[01 38] As will be explained. In the shown embodiment, 
in order to stably supply the ink to the stto-tank 303. the 
pressure in the Inside of the sub-tank 303 is lowered. 30 
Upon supplying the Ink to the sub-tank 303. the inside of 
the sub-tank is enclosed. Therefore, even when the ink 
is not supplied from the sub-tank 303 to the holding tank 
333. the in temporarily held in the holding tank 333 is 
supplied to the ejection head portion 301. Accordingly. 35 
even if the sub-tank 303 is enclosed and thus, the liquid 
is supplied to the sub-tank 303, printing by the ejection 
head portion 301 is not interrupted to permit large 
amount printing continuously at short period. Particu- 
larly, in case of the shown embodiment, in addition. 40 
since mechanism for performing opening and closing of 
the valve and a mechanism for detecting a remaining 
amount are also incorporated within the casing, in addi- 
tion, concerning supply operation other than circulating 
operation, it becomes unnecessary to perform the oper- 45 
ation at s spedal position, such as a home position or 
the like. Therefore, the foregoing effect can be achieved 
more effectively. 

[0139] On tiie other hand, by setting tiie flow path 
resistance when tiie liquid in the holding tank flows so 
through a first liquid supply passage, the air buffer and 
the tiiird liquid supply passage into the sub-tank, to be 
smaller than flow resistance of the fourth supply pas- 
sage, the pressure in the sub-tank is lowered to supply 
the ink from the holding tank to the air buffer. Then, the ss 
liquid amount supplied from the main tank to the sub- 
tank is limited. Accordingly, tiie liquid can be certainly 
supplied to tiie air buffer connected to the ejection head 



portion. 

[0140] Furthermore, by mounting the sub-tank 303 
and tiie holding tank 303 on the casing 324, the sub- 
tank 303 and the holding tank 333 are arranged on the 
portion excluding a patii for transporting the straight 
printing product 335 difficult to be bent can be in the 
horizontal direction. As a result, as disclosed in Japa- 
nese Patent Application Laid-open No. 6521/1998. even 
for the straight printing product 335 which is difficult to 
print by the in-jet printing apparatus, printing can be per- 
formed without bending tiie printing product 335. 
[0141] Furthermore, by incorporating a positive pres- 
sure generating means for pressurizing the sub-tank in 
order to feed tiie liquid of ttie sub-tank into the holding 
tank through tfie supply passage, a gas stays within the 
supply passage to cause difficulty of flow of the supply 
passage or not to flow. By pressurizing in tiie sub-tank 
by means of the positive pressure generating means, 
"tfiegas within the supply passage is forcedly flow into 
tiie holding tank together with the liquid in the sub-tank 
Accordingly, even when the gas is accumulated within 
the supply passage, the liquid can smoothly flow 
through the supply passage. 

(Fourth Embodiment) 

[0142] Rg. 14 is an illustration showing an ink pas- 
sage of ttie fourth embodiment of tiie ink-jet printing 
apparatus according to the present invention. In the 
shown embodiment of the ink-jet printing apparatus, in 
comparison with tiie third embodiment, a positive pres- 
sure pump as tiie positive pressure generating means 
for pressurizing the sub-tank is provided. In Fig. 14. like 
components to those of the tiiird embodiment will be 
identified by like reference numerals. H&'einafter. the 
following explanation will be given mainly for different 
points of tiie third embodiment. 
[01 43] In tiie shown embodiment of the ink-jet printing 
apparatus, as shown in Fig. 14. one end of the positive 
tube 362 is inserted into tiie sub-tank 303 from ttie 
upper portion of tiie sub-tank 303. At tiie intermediate 
portion of ttie positive tube 362. tiie positive pressure 
pump 361 as the positive pressure generating means 
for pressurizing the inside of the sub-tank 303 to posi- 
tive pressure, is provided. By driving the positive pres- 
sure pump 361 , air in the positive pressure tube 362 is 
moved in the direction of an-ow L to feed the air into ttie 
sub-tank 303 tiirough the positive tube 362. 
[01 44] At the position between the positive pump 361 
and the sub-tank 303 in tiie positive tube 362. a switch- 
ing valve 358 is provided. The switehing valve 358 is 
connected to respective chambers of ttie sub-tank 303 
via the tubes. By mounting the switching valve 358, 
respective chambers of the sub-tank 303 can be pres- 
surized by one positive pressure pump 361 to positive 
pressure. 

[0145] On the other hand, by providing the positive 
pressure pump 361 . the supply pump 366 which serves 
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as negative pressure generating means only for making 
the interior pressure of the sub-tank 303 negative pres- 
sure, is employed. Accordingly, without switching the 
rotating direction of the rotor of the supply pump 366 
between forward direction and reverse direction, the ink 
in the sub-tank 303 is fed into the holding tank 333. The 
positive pressure pump 361 is only required to feed the 
air. a material of the components of the positive pres- 
sure pump 361 can be selected without considering 
property upon contacting with the ink. Thus, inexpen- 
sive one can be used as the positive pressure pump 
361. 

[01 46] Furthermore, at a portion of the pump tube 342 
between the supply pump 366 and the waste ink tank 
352, one end of the tube 342a via a joint 357 is con- 
nected. A portion of the pump tube 342 on the opposite 
side of the sub-tank 303 is disconnected from the waste 

-ink tank 352 as required-to discharge air in the sub-tank 
303 at the other end of the tube 342a. By this, number 
of tubes to be connected to the waste ink tank 352 can 
be reduced to Improve assembling ability of the ink-jet 
printing apparatus. In conjunction therewith, it becomes 

-possible to effectively.use. the .Internal-space of the Ink- 
jet printing apparatus and also to make the Ink-Jet print- 
ing apparatus compact. 

[0147] While the foregoing description has been given 
for major part of the embodiment of the present inven- 
tion, supplementary explanation will be given with 
respect to modifications of the respective embodiments. 
[0148] Fig. 15 is an explanatory illustration showing 
the major part of a modification of the first embodiment 
of the present invention. In the foregoing embodiment, a 
first valve is constructed with a general switching valve. 
However, it is also possible to employ so-called check 
valve permitting flow of the ink from the third ink tank 5 
to the second Ink tank 4. 

[0149] The shown modification is basically con- 
structed by providing the check valve 91 in place of the 
first valve 9 of the first embodiment. The check valve 91 
is provided at a joint portion of the second ink passage 
8 to the second ink tank 4. and Is constructed with a 
cone-shaped taper portion 92 and a ball 93. The ball 93 
is preferred to be as light as possible while its specific 
weight is greater than the ink. For Instance, a plastic ball 
of polyacetal. polypropylene and so forth is employed. 
The taper portion Is preferred to be slightly flexible as a 
hard rubber so as to always tightly close the check 
valve. 

[0150] When a command for levelization is input from 
the control system control portion, the second valve 10 
Is opened. Then, the air chamber of the Ink tank 5 is 
communicated with the atmosphere. Then, by the pres- 
sure corresponding to a water-head difference of the ink 
within the ink tank 4 and the ink tank 5. the ball 93 is 
pushed upwardly to open the check valve 91 . Then, the 
ink flows from the ink tank 5 to the ink tank 4 through the 
flow passage 8. When the ink levels of the ink tanks 4 
and 5 become substantially equal to each other, the ball 
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91 again contacts with the taper portion 92 to stop flow 
of the ink. 

[01 51 ] By providing the check valve 91 in place of the 
first valve 9, the foregoing mechanism and sequence 

5 can be simplified. 

[0152] Fig. 16 is an explanatory illustration showing 
the major part of a modification of the third embodiment 
set forth above. Different from the former embodiment, 
in the shown modification, a flow resistance member 

10 353 making flow resistance for the ink flowing In the 
main tank tube 332 is provided at the intermediate posi- 
tion of the main tank tube 332. For instance, in the third 
embodiment of the ink-jet printing apparatus, the flow 
resistance upon flowing the ink in the air buffer 349 and 

15 the sut>tank tube 321 can be greater than the flow 
resistance upon flowing the ink in the main tank tube 
332 and the check valve 340. In this case, the flow 
—resistance member 353 is -mounted in the main tank 
tube 332 so that the flow resistance upon flowing the ink 

20 within the holding tank tube 326, the air buffer 349 and 
the sub-tank tube 321 become smaller than the flow 
resistance upon flowing the Ink through the main tank 
..tube 332 and.the check valve 340. 
[01 53] By this, upon supplying the ink from the holding 

25 tank 333 to the air buffer 349. the ink amount, supplied 
from the holding tank 333 to the sub-tank 303 through 
the holding tank tube 326, the air buffer 349 and the 
sub-tank tube 321, is certainly greater than the ink 
amount to be supplied from the main tank 302 to the 

30 sub-tank 303 through the main tank tube 332. Accord- 
ingly, ink is certainly supplied from the holding tank 333 
to the air buffer 349. 

[01 54] It shouM be noted that these modifications are 
applicable for other embodiments as required. 

35 [01 55] The liquid supply method and the liquid supply 
apparatus In the respective embodiments and modifica- 
tions Is not limited to the ink-jet printing apparatus, but is 
applicable for the liquid ejection printing apparatus dif- 
ferent from the ink-jet printing apparatus. On the other 

40 hand, tiie present invention is applicable not only for the 
liquid ejection printing apparatus but also fbr a liquid 
supply to a liquid consuming member other than the 
ejection head portion. 

[01 56] Furthermore, in respective of the embodiment. 

45 ink supply Is performed by sucking tiie Ink from the 
fburtii tank to the third tanK a construction for achieving 
the first object of the present invention is not limited to 
the construction for supplying the ink. For example, it is 
possible to manually pour the ink to the second ink tank 

50 directiy by the user from the bottie. From the supply 
tank, ttie ink can be fed to the second or third ink tank by 
means of separate pumps. 

[0157] The present Invention has been described in 
detail with respect to preferred embodiments, and it will 
55 now be apparent from the foregoing to those skilled in 
the art that changes and modifications may be made 
without departing from the invention in its broader 
aspect, and it is tiie invention, therefore, in the apparent 
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claims to cover all such changes and modifications as 
fall within the true spirit of the invention. 
[0158] A liquid ejection printing apparatus performing 
printing by ejecting a liquid toward a printing medium 
includes a liquid ejection head portion having a liquid 
ejecting printing head ejecting a liquid and a first tank 
(2) holding the liquid to be supplied to the head, a sec- 
ond tank (4) holding a liquid to be supplied to the first 
tank (2) and having an atmosphere communicating 
opening for introducing an atnx)spheric air, a third tank 
(5) receiving the liquid from the first tank (2) and capa- 
ble of supplying tiie liquid to the second tank (4), a first 
liquid supply passage (6) for communicating the first 
tank (2) and tiie second tank (4). a second liquid supply 
passage (8) for communicating tiie second tank (4) and 
the tiiird tank (5), a third liquid supply passage (7) for 
communicating tiie tiiird tank (5) to the first tank (2), the 
first tank (2) and tiie third tank (5) forming an enclosed 
"space excluding a supply passage connected respiec- 
tively, a pump (50) ca|3able of sucking a gas within the 
third tank (5) provided in a passage other tfian the first, 
second and third supply passages (6, 8. 7) and a first 
valve (9) provided in the second supply passage (8) for 
opening and closing the second liqukJ supply passage 
(8). and a second valve (10) provkled in the third tank 
(5) for communicating tiie gas within the tiiird tank (5) to 
outside. 



Claims 



A liquid ejection printing apparatus performing 
printing by ejecting a liquid toward a printing 
medium, characterized by comprising: 

a liquid ejection head portion having a liquid 
ejecting printing head ejecting a liquid and a 
first tank holding tiie liquid to be supplied to 
said head; 

a second tank holding a liquid to be supplied to 
said first tank and having an atmosphere com- 
municating opening for introducing an atmos- 
pheric air; 

a third tank receiving the liquid from said first 
tank and capable of supplying tiie liquid to said 
second tank; 

a first liquid supply passage for communicating 
saki first tank and said second tank; 
a second liquid sipply passage for communi- 
cating said second tank and said third tank; 
a third liquid supply passage for communicat- 
ing said tiiird tank to said first tank; 
sard first tank and said third tank forming an 
enclosed space excluding supply passages 
conn cted respectively: 
a pump capable of sucking a gas within said 
third tank provided in a passage other than said 
first, second and tiiird supply passages and a 
first valve provided in said second supply pas- 
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sage for opening and closing said second lk|ukl 
supply passage; and 

a second valve provided in said tiiird tank for 
communicating the gas within sakJ tiiird tank to 
outside. 

A liquid ejection printing apparatus as claimed in 
claim 1, which further comprises a carriage for 
reciprocally moving with mounting said liquid ejec- 
tion head portion and a casing for supporting said 
carriage in reciprocally movable fashion, and said 
second tank and said third tank are fixedly provided 
within said casing. 

A liquid ejection printing apparatus as claimed in 
claim 1 , characterized in that said pump is a tube 
pump which can reduce and increase pressure in 
said third tank by driving in forward and reverse 
"directidhT 

A liquid ejection printing apparatus as claimed in 
claim 1 , which further comprises detecting means 
for detecting a liquid surface level within said tiiird 
tank 

A liquid ejection printing apparatus as claimed in 
claim 4. characterized in that said liquid surface 
detecting means comprises a first liquid surface 
detecting means provided at upper portion than the 
end portion on the side of second tank of said first 
liquid supply passage, a second liquid surface 
detecting means provided at lower portion than tiie 
end portion on tiie side of the third tank of the pas- 
sage, in which saki second valve and said suction 
means are provided and at upper portion than saki 
first liquid surface detecting means. 

A liquid ejection printing apparatus as claimed in 
daim 5, characterized in that said first Iquid surface 
detecting means is provided witiiin said second 
tank and said second liquki surface detecting 
means is provided witiiin said third tank. 

A liquid ejection printing apparatus as claimed in 
daim 5. characterized In that positions of bottom 
surfaces of said second fank and said third fank are 
equal to each other and an end portions of saki 
second liquid supply passage are provided in tiie 
bottom surfaces of said second and third tanks, and 
said first and second liquid surface detecting 
means are provided within said third fank. 

A liquid ejection printing apparatus as claimed in 
claim 1 , which further comprises a fourth tank sup- 
plying a liquid to said third tank and a fourtii liquid 
supply passage communicating saki third tank and 
said fourth tanK and said pump is provided in the 
passage otiier tiian said fourtii liquid supply pas- 
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sage. 

9. A liquid ejection printing apparatus as claimed in 
claim 8, characterized in that a flow resistance upon 
flowing the liquid within said second tank into said 
third tank through said first tank and said third liquid 
supply passage is smaller than a flow resistance 
upon f towing the liquid within said fourth tank into 
said third ink tank via said fourth liquid supply pas- 
sage. 

10. A liquid ejection printing apparatus as claimed in 
daim 9, characterized in that a flow resistance 
member is provided within said fourth liquid supply 
passage. 

11. A liquid ejection printing apparatus as claimed in 
— ~ claim 8, characterized in that-any one- of said first 

liquid supply passage and said third liquid passage 
is provided with a third valve for blocking movement 
of the liquid. 

12. A liquid ejection printing apparatus as claimed in 
claim 1, characterized in that said first valve is a 
check valve permitting movement of the liquid from 
sakJ third tank to said second tank. 

13. A liquid ejection printing apparatus as claimed in 
claim 1. characterized in that capping member 
which can contact and release with a nozzle sur- 
fece of said \\qu\6 ejection head, and a pressure 
adjusting valve for adjusting a pressure within a 
space formed by said nozzle surface of sakJ head 
and said capping member. 

14. A liqukJ ejection printing apparatus as claimed in 
claim 1 , which further comprises a fourth valve tor 
blocking a communicating portion between sakJ liq- 
uid ejection head of sakj head portion and said first 
tank. 



1 7. A liquid supply method as claimed in claim 16. char- 
acterized in that, on the basis of a result of detec- 
tion of the liquid detecting means for detecting a 
liquid surface of said third tank, said first liquid sup- 

5 ply step is stopped and said second liqukl supply 
step is performed. 

18. A Ikiuld supply method for supplying a liquid to the 
liquid ejection printing apparatus as defined in daim 

10 11. characterized by comprising: 



a first liquid supply step of closing said first and 
second valves and sucking a gas within said 
third tank for introducing the lk|uid within s£ud 
first tank into said third tank; 
a second liquid supply step of opening said first 
and second valves and introducing the liquid 
-within saki third tank into said second tank; arxJ 
a third liquki supply step of closing said first, 
second and third valves, sucking a gas within 
said third tank by said pump and introducing 
the liquid within sakl fburth tank into said third 
tank. 
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1 9. A liquid supply method as claimed in claim 1 8. char- 
acterized in that sakJ third liquid supply step is per- 
formed during printing operation to said printing 
medium. 

20. A liquid supply method as claimed in claim 18. char- 
acterized in that sakJ pump can reduce arxJ 
increase pressure within said third tank; and 

which further comprises fburth Ik^uid supply 
step of dosing said second and third valves, 
opening sakj first valve and introdudng a lk)ukJ 
within said third tank into said second tank 
through said second liquid supply passage by 
pressurizing the third tank by saki pump. 



15. A liquid ejection printing apparatus as claimed in 
claim 1. characterized in that said printing head is 
provided with an electrothermal transducer gener- 
ating a thermal energy utilized for ejection of the Ik)- 
ukJ. 



45 



1 6. A liquid supply method for supplying a liquid to a Ik)- 
uid ejection printing apparatus as defined in daim 
1 . characterized by comprising: so 

a first liquid supply step of dosing said first and 
second valves and sucking a gas of said third 
tank by said pump for introducing a Ikfuki within 
said first tank to said third tank; and ss 
a second liquid supply step of opening saki first 
and second valves for introducing the liquid 
within said third tank to said second tank. 
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